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Evolution of the Weather Satellite Program in the U.S. 
Department of Commerce - a brief outline 

P. Krishna Rao 

NOAA/NESDIS 
1335 East-West Highway 
Silver Spring, MD 20910 

Abstract 

The first U.S. Weather Satellite TIROS-1, was launched on 
April 1, 1960. It was a joint effort between the U.S. Weather 
Bureau (part of the U.S. Department of Commerce), National 
Aeronautics and Space Administration (NASA) , the Department of 
Defense and the Industry. Details about the early origins of the 
satellite program in the U.S. Department of Commerce are sketchy 
and are not readily available in a simple document. Because of 
the author's association with the Weather Satellite Program in 
the U.S. Weather Bureau from its infancy for about forty years, 
an attempt is made to give a brief sketch about the evolution of 
the entire program in the early days. I had the opportunity of 
participating and observing it from close proximity, and am able 
to provide a brief history of the early days of the Weather 
Satellite Program. This article is not meant to be scientific in 
nature, but to provide some historic perspective. 
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Introduction 

The Weather Satellite Program in the Department of Commerce 
started in the mid 1950's in the U.S. Weather Bureau (USWB). 
This write-up is an attempt to document the early history of the 
program and will not try to cover in-depth science and 
applications. The information will also be confined to the 
Department of Commerce, USWB activities with some references to 
the connections with the National Aeronautics and Space 
Administration (NASA) and private industry. The current U.S. 
Weather Satellite Program is now 40 years old and the 
documentation of the early history is fragmented and sketchy. 
Information derived from available memos, memory and some 
published articles has been used in preparing this manuscript. 

The first reference to a weather satellite was by Greenfield and 
Kellogg of the RAND Corporation (2) in 1960. They published this 
paper when their original report issued in 1951 was de-classified 
and was permitted for release. They indicated the utility of a 
weather satellite for observing clouds over data-sparse oceanic 
areas and their use for weather analysis and forecasting. The 
first known paper proposing meteorological satellites was 
published by Harry Wexler, Director of Research in the USWB in 
1954 ( 8 ) .  He also published another paper in 1957 (9) describing 
the potential contributions of satellites in meteorology. Wexler 
commissioned an artist in 1954 and asked him to produce a sketch 
of cloud cover over North America viewed from a satellite, if it 
was positioned 4000 miles over Texas. This sketch is reproduced 
in Figure 1. The types of clouds, cloud fields and the 
brightness are remarkable. In 1957 Singer published a paper 
proposing meteorological measurements from satellites (7). Later 
in June 1962, Singer became the first Director of the 
Meteorological Satellite Activities (MSA) in the USWB. 

The need f o r  weather observations from space was obvious. About 
70 percent of the earth is covered by oceans and over these 
areas, weather observations were very few. Even over the 
continents, except over North America and Europe, the 
observations were limited. In order to observe the weather 
conditions around the globe on a continuous basis the satellites 
were found to be a suitable vehicle. Soon after World War 11, 
the US Army launched V-2 rockets with cameras mounted in the nose 
and took pictures of the earth. The cameras were parachuted and 
recovered, and the images showed extensive cloud cover over the 
southern USA and also showed very interesting cloud patterns. 
These initial images demonstrated the need for s'atellites. 
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In March, 1958 the Chief of the USWB Dr. F. W. Reichelderfer 
established a special unit called the "Meteorological Satellite 
Research Unit" under the Director of Meteorological Research. He 
named Dr. S. Fritz as the head of the Meteorological Satellite 
Section. Annex 1 shows the memo and the proposed organizational 
structure. It has three Sections: Meteorological Satellite 
Instrument Development, Meteorological Satellite Research Unit, 
and Two Field Meteorological Satellite Telemetering Units. About 
five people were assigned to this unit from various parts of the 
USWB to begin the planning. 

Six months later, in September 1958, the Director of 
Meteorological Research Dr. Wexler sent a memo to the USWB units 
indicating the formation of NASA Agency (not Administration at 
that time) and stating that the Weather Bureau would be 
designated as their meteorological agent in providing the 
meteorological instrumentation, data reduction and analysis of 
observations taken by satellites after the International 
Geophysical Year (IGY) series was finished. (See annex 2). The 
memo also describes in detail the types of data that were 
expected from the satellites and the research and development 
work that were needed. Imagine all these are being planned 
almost 2 years in advance of the first weather satellite launch 
and even without knowing the problems associated with the data 
sets. The list is comprehensive and will not be repeated here. 

This small USWB group Meteorological Satellite Section moved to 
Suitland, Maryland and co-located their offices with the USWB 
offices in that area. The original group consisted of S.  Fritz, 
D. S.  Johnson, J .S.  Winston, L .F. Hubert, D .Q. Wark, and 
D. Hillary. Within a few months several more people were 
recruited and added to the group. 
activities the name was changed to "Meteorological Satellite 
Laboratory" (MSL). This was the beginning of the major satellite 
program. 

with the expansion of 

The first US Weather Satellite Television Infrared Observation 
Satellite (TIROS-1) was launched on April 1, 1960, from 
Cape Canaveral, Florida. Successful launch of TIROS-1 confirmed 
the idea that spectacular cloud photographs could be used 
immediately for weather analysis and forecasting. The satellite 
carried two Vidicon cameras - one a wide angle and the second one 
a narrow angle. The image of the earth and clouds was formed on 
the Vidicon tube (which is about l-inch in diameter) and stayed 
for several seconds. During this period the image was scanned 
and signals was transmitted to the ground stations for reception 
and reconstruction of the image. 
transmitted, the next sequence was started and thus a large 

As soon as one image was 
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segment of the globe was covered. 
(TIROS 1-8, and TIROS 10) were shaped like a hat box and were 
allowed to spin along their vertical axis to keep them stable. 
Because of the nature of the polar orbit (50N - 50s) and the way 
the cameras were mounted on the spinning satellite, only a 
limited coverage of the globe was possible. 

The early satellites 

There were two primary ground stations to command and receive the 
satellite data. They were located at Ft. Monmouth, New Jersey, 
and Kaena Point, Hawaii. At the ground stations, pictures were 
displayed on kinescopes for immediate viewing and photographing. 
In the early stages of this program, NASA had the,responsibility 
of planning, placing the satellite in orbit, tracking, acquiring, 
processing and analyzing the data. 
industry and other government agencies. The operational phase of 
the TIROS project was under NASA's computing center and the 
USWB's Meteorological Satellite Section (MSS). Meteorologists in 
the MSS were responsible for the analysis and interpretation of 
cloud cover data. Also, assistance for the weather analysis and 
interpretations was provided by Air Force Cambridge Research 
Center, Allied Research Associates, Air Weather Service, Navy 
Research Weather Facility, and Army Signal Corps. The U.S. Naval 
Photographic Interpretation Center developed and processed the 
photographs. 

Assistance was provided by 

The Earlv A?mlications of TIROS Data 

During the first 80 days of TIROS-1, approximately 2000 images of 
the earth and its cloud cover were obtained from both the narrow 
and wide angle television cameras. About 50 to 75 percent of the 
staff were involved in the operational use or research study of 
the TIROS cloud pictures. 
determining the satellite's orientation to obtain accurate 
location of cloud features in the pictures. Much of the staff at 
Suitland, Maryland was also concerned with the preparation of the 
prints of the pictures and their assembly, along with pertinent 
standard meteorological data for use in releases of picture data 
to the press, various scientific groups, and operational 
meteorological centers. 
TIROS were published in two articles one by Fritz and Wexler (1) 
and the other by Wexler and Fritz (10). By the end of April 
1960, (almost 30 days after launch), a number of case studies of 
meteorological phenomena observed by TIROS were begun by a team 
of meteorologists in the Meteorological Satellite Section. 
studies included several large-scale cyclonic vortices over the 
United States, the North Atlantic and the North Pacific; 
cloudiness in the tropical regions of the South Pacific; cellular 
arrangements of cumulus clouds over the Atlantic and Pacific 

Considerable time was devoted in 

The earliest meteorological results from 

These 
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Oceans in temperate latitudes; cloud streets in the Caribbean, 
cloudiness associated with severe thunderstorms and tornadoes; 
ice in the Gulf of St. Lawrence; orographic clouds in various 
parts of the world; snow cover in mountain regions; and sun 
glitter on the ocean surface. Several technical reports were 
published by USWB and NASA in the following months. 

The next step was to assemble a series of TIROS pictures and 
match them together for an entire orbit, or when the data were 
available, for a series of successive, adjacent orbits to observe 
interesting large-scale weather patterns and the associated cloud 
formations. One of the first constructed by Vince Oliver (4) is 
shown in (Figure 2). The top portion of the picture shows the 
unrectified mosaic of the image corrected for the varying viewing 
angles of the camera (rectified) with a superimposed surface 
weather analysis. The correlation between the cloud patterns and 
the surface weather analysis is excellent. 

The TIROS pictures received at the ground stations were recorded 
on 35-mm film by a kinescope camera, either during a satellite 
readout or by playing back the data recorded on a magnetic tape. 
The film was processed immediately to make transparencies for 
projection and for prints. The geographic reference grids were 
overlaid on these pictures to determine the location where the 
pictures were taken. These overlay grids were generated by 
taking into account the position of the satellite, the time at 
which the picture was taken, the direction in which the camera 
was pointed, and other parameters connected with the satellite 
spin axis etc. Once the grids were overlaid on the pictures, 
cloud analyses (called nephanalyses) could be performed as shown 
in Figure ( 3 ) .  The analyses show the cloud types, amount and the 
extent of coverage. These maps were sent by facsimile to weather 
stations around the globe for immediate use. Within 48 hours of 
the TIROS-1 launch, the pictures and nephanalyses were made 
available to USWB meteorologists, US Air Weather Service and the 
US Naval Weather Service. The information was limited to areas 
where sun light was available and no night-time data were 
available. The introduction of infrared sensors on TIROS-2 and 
the follow-on satellites starting from November 1960, enabled us 
to obtain continuous day and night-time coverage. 

The inclusion of infrared radiometers on TIROS added extra 
capabilities. For example, the measurements in the 8-12 pm 
channels provided an estimate of the cloud top temperatures, and 
thus one could infer the cloud top heights. One of the early 
studies by Rao and Winston ( 6 ) ,  showed the cloud top temperatures 
and cloud heights determined over the United States using the 
TIROS-2 radiation data. The researchers compared the results 
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with synoptic and aircraft data and found good agreement. It was 
also pointed out in this paper that the 8-12 pm window region is 
not clean and there is a considerable amount of absorption due to 
water vapor and ozone, and thus appropriate corrections needed to 
be applied. 

Another interesting study was published by Winston and Rao (11) 
showing the temporal and spatial variations of the outgoing 
long-wave radiation derived from the TIROS-I1 radiometer. They 
used the observation from the 7 - 3 3  pm channel to estimate the 
total outgoing long-wave radiation at the top of the atmosphere. 
They showed the latitudinal distribution of the satellite derived 
data with available theoretical studies and found a reasonable 
agreement. 
long-wave radiation and the zonal kinetic energy at various 
latitudes. 

They also showed a relationship between the outgoing 

Satellite pictures were also used to observe and map ice cover 
over the Gulf of St. Lawrence and the Great Lakes areas. These 
pictures were found to be very useful for navigation by observing 
the leads in the ice cover. Another important application was to 
monitor the extent of snow cover during winter and the melting of 
snow during spring. The snow cover information was found to be 
very useful for hydrological forecasting. 

In the early days of the satellite data, the images had to be 
gridded before they could be used. 
the uncertainties in orbit determination and the attitude of the 
satellites, location errors were noticed. Identification of 
landmarks in the images were very useful in aligning the grids 
and making the exact longitude-latitude coordinates. For the 
radiometer data, that was a different story. The analog signals 
from the radiometer (all the channels) were digitized and 
computer printouts were produced for each orbit. 
contained the latitude/longitude of the scan spot and the 
corresponding digital values (counts) of each of the radiometer 
channel values. These radiometer channel values were later 
converted to either reflectance (albedo) or temperatures using 
look up tables. For each orbit a "thick stack" of computer 
printout was produced and technicians plotted these values (for 
each channel) on a base map. These maps were basically the same 
ones used by the USWB so that the satellite analysis could be 
overlaid on the weather analysis for the same period. A mapping 
program was developed during this period to ease the workload and 
use the radiation data as soon as it became available. The same 
grid scales used by the National Meteorological Center's 
Numerical Models was selected (1024x1024; 512x512; 256x256 per 
hemisphere scales) for mapping the satellite data. This decision 

Even with the grids, due to 

The printout 
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was very useful and practical. All satellite information that 
was mapped could be overlayed on the weather charts (of the same 
scale) and compared. Analysis schemes used for the satellite 
data were also similar to the weather analysis schemes. 

The first image from TIROS-1 was over the Gulf of St. Lawrence. 
It showed some clouds over New England and Canada and some ice 
over the Gulf of St. Lawrence. 
locate the image, because the images were distorted (not 
rectified) and the latitude and longitude grids were not 
immediately available. The location of the satellite in space, 
and the attitude of the spin axis were needed to exactly locate 
the center of the picture. Also the north direction in the 
picture was needed to locate the cloud feature. When TIROS-1 was 
launched, it was assumed that attitude of the satellite in space 
relative to the fixed stars would stay the same throughout its 
lifetime. Analysis of the pictures showed that it was not true 
and extensive corrections had to be made while gridding the 
pictures. The causes for this deviation were found to be (1) the 
interaction between the magnetic field of the satellite and that 
of the earth and (2) the decrease of the gravitational force with 
height causes an object in space to tend to align itself with the 
vertical. As soon as these factors were known, they were 
incorporated in future satellite data processing. 
also carried a tape recorder to store the pictures when out of 
range of a ground data acquisition station. After collecting a 
few pictures from the early orbits of TIROS-1, Fritz and Wexler 
published a paper (1) describing the interpretation of the images 
and the respective synoptic situation. These images were sent by 
facsimile to regional USWB offices for immediate use. A series 
of satellite images gathered over large areas were assembled as a 
mosaic to view the cloud systems associated with various synoptic 
situations (Fig 2). These pictures were also analyzed to exhibit 
the types of clouds (low, medium, and high level) and the amounts 
and a nephanalysis was produced. 
provided to national and international meteorological offices. 
These images and nephanalysis were found to be very useful. They 
were available only for the daylight portion of the globe because 
the Vidicon cameras were sensitive to the visible part of the 
spectrum only. 

It was difficult to exactly 

The satellite 

These composite products were 

In order to observe both day and nighttime cloud cover, 
radiometers were installed on the next satellite, TIROS-2, and 
the follow-on satellites (TIROS 3, 4, 5 and 7 ) .  Three types of 
instruments were used: (a) a 5-channel scanning radiometer 
(b) 2-channel medium resolution radiometer, and (c) a 2-channel 
omni-directional radiometer. Of the three instruments the 
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5-channel one is the most important one. It consisted of the 
following: 

(1) 59-6 .7  pm to measure the atmospheric water vapor 
(because of the strong absorption in this spectral 
region) 

temperatures under cloud free conditions and cloud 
temperatures and heights and to obtain nighttime 
images. 

( 3 )  0.2-5 pm to measure the albedo of the earth, 
clouds, etc . (reflectance) 

(4) 7.0-30 pm to measure to the total outgoing longwave 
radiation at the top of the atmosphere 

(5) 0.5-0.7 pm in the visible part of the spectrum to 
measure the reflected radiation and create images 
during the day time 

(2) 8-12 pm atmospheric window to measure surface 

The sensors were mounted in the satellite at an angle of 
45 degrees to the spin axis of the satellite. The scan was 
produced by the spin of the satellite. The movement of the 
satellite provided the coverage along the track. Because of the 
spin of the satellite the sensors looked alternatively at space 
and at the earth. The field of view of the radiometer was 
approximately 30 miles. 

The medium resolution radiometer flown on TIROS 2, 3 and 4 
consisted of two detectors each mounted in a separate cone; the 
field of view was a few hundred miles. The field of view 
approximately coincided with the field of view of the wide angle 
cameras so that comparison could be made between the cloud cover 
and the radiation measurements, One detector was coated white to 
measure only the long wave radiation above 4 pm. The second 
detector was coated black; it measured both the short and long 
wave radiation (approximately 0 .2  to 40 pm). During the 
nighttime both these detectors were to provide the same amount of 
emitted radiation since no reflected radiation was present. This 
was one of the ways to check the performance of the two 
detectors. 

The third set of radiometers on TIROS 2, 3 ,  and 4 were developed 
by Prof. Verner Suomi of the University of Wisconsin. It 
consisted of two sets of hemispheres; two black and two white. 
The black and white pairs were mounted on opposite sides of the 
satellite with mirror backings so that the satellite structure 
was not in the field of view. The effective field of view was 
approximately 1000 miles in diameter. This instrument measured 
the total reflected solar radiation and the emitted earth- 
atmosphere long wave radiation and was primarily used to study 
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the radiation balance of the earth-atmosphere system. 

All these radiometer measurements were stored in the tape 
recorder on board the satellite and transmitted to the ground 
station after each orbit. The data were processed after the 
reception at the ground station. The data from medium resolution 
and the wide field of view radiometers were found to be noisy and 
marginally useful. The scanning radiometer was found to be very 
useful for various meteorological applications. With the 
experience gained from these early measurements, various changes 
were made to the follow-on instruments, which will be discussed 
later. 

Early Evolution of the Orsanization 

A reference has already been made regarding the establishment of 
the Meteorological Satellite Section in 1958 in the USWB. In 
1960, the name was changed to the Meteorological Satellite 
Laboratory (MSL), and in 1962 it became the Meteorological 
Satellite Activities (MSA) with S.  Fred Singer as the first 
Director and David S. Johnson as the Deputy Director. The 
following year it became the National Weather Satellite Center 
and with the departure of Singer, Dave Johnson became the 
Director. With the formation of the National Oceanic and 
Atmospheric Administration and the accompanying reorganization, 
the Environmental Data and Information Service was merged with 
NESS and the organization was renamed the National Environmental 
Satellite, Data, and Information Service (NESDIS). With 
Dave Johnson's retirement, Dr. John McElroy became the Assistant 
Administrator and in 1986, he resigned. Dr. William Bishop was 
the Acting Assistant Administrator and Mr. Tom Pyke became the 
Assistant Administrator of NESDIS. He continued till 1992. After 
Mr. Pyke, Mr. Winokur became the Assistant Administrator for 
NESDIS until 1999, when Mr. Greg Withee became the Assistant 
Administrator of NESDIS. 

Annex 1 shows the initial organization of the MSS in 1958. It 
had three units: (1) Meteorological Satellite Instrument 
Development, (2) Meteorological Satellite Research Unit, and 
( 3 )  Two field Meteorological Satellite Telemeter Units. Total 
proposed staff was approximately 30 people! Most of them were 
recruited from within the USWB. Within 6 months of the 
establishment of the MSS, Harry Wexler provided an extensive 
outline (Annex-2) of the Satellite Meteorology work that needed 
to be pursued in the organization. He identified that the 
following types of data would become available within the near 
future. 
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1. Cloud cover data 
2. Heat budget of the earth 
3. Nocturnal cloud cover using infrared 

atmospheric water vapor "window" 
4. "Temperature" as inferred from water 

vapor and C02 emission in the infrared 
(Soundings) 

5. Ozone distribution 
6. Spectrum of solar radiation 

Wexler identified the steps required to utilize the data. All 
these were described in 1958, almost 2 years before the launch of 
the first weather satellite. He was a visionary! 

The Meteorological Satellite Section became the MSL and by 
June 30, 1960, the staff consisted of about 40. Contracts for 
construction of a new wing in Suitland was let by GSA and the 
building was expected to be ready by mid 1961 (current wing 0 in 
FB4, Suitland, MD). The following units were part of the MSL 

1. Instrumentation and Observation Unit 
2. Synoptic Meteorology Unit 
3. Computation Unit 
4. General Aviation Unit 
5. Physical Meteorology Unit 

The research activities pursed by these groups are summarized in 
Annex-5, a first progress report prepared by Dave Johnson. The 
extent of planning for future instruments (Sounders) and the 
processing and analysis of data are described in this document. 

The severe limitation of the early TIROS satellites for 
meteorological applications was realized very early in the 
program. 
coverage of the earth between 65N and 65s latitudes. The cameras 
were pointing toward the earth one-fourth to one-third of each 
orbit. Also, the weight, space, and power of TIROS limited the 
number and types of sensors that could be mounted. Realizing the 
limitations, NASA launched a new satellite program called NIMBUS. 

The inclined orbit and the spin stabilization provided 

NASA's NIMBUS Proaram: 

The NIMBUS was primarily designed by Dr. Rudolph Stampfl and his 
associates at NASA's Goddard Space Flight Center (GSFC) in 1959. 
The objectives of the design were 1) a near-polar orbit to permit 
observation of the entire earth (from pole to pole), 2) earth- 
stabilization so that the cameras and other sensors could always 
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point toward the earth 3) a retrograde (east to west) orbit 
inclined about 80° to the equator so that the satellite crosses 
the equator at local noon (north bound) and local mid night 
(south bound) on every orbit, 4) an altitude of 1000 km ( 
600 nautical miles) to avoid the Van Allen radiation belt and to 
provide enough overlapping coverage at the equator, and, 5 )  a 
modular construction to allow for easy exchange of sensors and 
communication modules. Originally the plan was for NASA GSFC to 
integrate and test the spacecraft. However, in 1961, several 
separate contracts were awarded for the various subsystems; and a 
contract was awarded to the General Electric Missile and Space 
Vehicle Department, Valley Forge, Pennsylvania, for the final 
integration. NIMBUS was totally a new system and more 
complicated than the TIROS. The program was designed to be a 
test-bed for testing new sensors and systems for future 
operational systems. The program was in trouble right from the 
beginning, and the deadlines could not be met in completing the 
systems for integration and testing. 

The first NIMBUS carried the Advanced Vidicon Camera Subsystem 
(AVCS) to provide global coverage. It also carried the Automatic 
Picture Transmission (APT) subsystem to provide pictures of local 
cloud patterns directly to suitably equipped weather stations as 
the satellite passed over them. The AVCS and APT cameras 
provided images only during the daylight portion of the orbit. 
The NIMBUS carried an improved version of a radiometer called the 
High Resolution Infrared Radiometer (HRIR) to observe in the 
8-12 pm window region, and in the region 3.4 to 4.2 pm ( a clear 
window). The NIMBUS also carried a radiometer, similar to the 
TIROS radiometer. This was called the Medium Resolution Infrared 
Radiometer (MRIR) and again the window channel was changed to 
10-11 pm so that the absorption due to ozone and water vapor 
could be eliminated (much cleaner window region of the IR 
spectrum). 

The NIMBUS 1 was launched from the Pacific Missile Range on 
August 28,  1964 on a Thor Agena rocket. The main NASA Command 
and Data Acquisition (CDA) station was near Fairbanks, Alaska. 
Also a station near Rossman, North Carolina was used occasionally 
to acquire data. As mentioned earlier, the NIMBUS program was a 
NASA experimental program to test new instruments and concepts 
before they could be incorporated into the operational weather 
satellites for which USWB was responsible. Due to the extreme 
delays encountered in the early stages of the NIMBUS program, the 
USWB had to back out of the program and find alternate solutions 
to keep the TIROS program operational. 
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Weather Satellites Become Operational 

In June 1962, Dr. S. Fred Singer was appointed the Director of 
the Meteorological Satellite Activities by the Chief of the USWB. 
Annex 5 (which is a memo from Singer to his staff) describes the 
policies and the organization of the unit. 
detail the "operational" responsibility of the weather satellite 
bestowed on the USWB by the US Congress in PL 8 7 - 3 3 2 .  
defines the responsibilities thrust on the organization and the 
tasks assigned to various groups and identifies the management 
structure. 
satellite TIROS-1, a fully operational entity was identified and 
established. One of the major decisions Singer made was to have 
the USWB to pull out of the NASA's NIMBUS program because of the 
delays it encountered. 
that time even within the USWB and the working relationship with 
NASA was strained. 

It describes in 

Singer 

Eighteen months after the launch of the first 

This was a controversional decision at 

By mid 1962, 6 TIROS satellites were launched; they demonstrated 
the utility of the cloud observations and the radiometer 
measurements. To reflect the operational nature, the name of the 
organization was changed to National Weather Satellite Center and 
Dr. Singer became the first Director. 
satellite program, it was realized that in addition to the cloud 
information, the temperature and moisture distribution with 
height in the atmosphere is essential for the forecasters. 
numerical modeling of the atmosphere was gaining momentum at this 
time and observations over the vast oceanic regions and other 
data void regions of the world were needed to fill the gaps in 
these models. A prototype instrument called the Satellite Infra 
Red Spectrometer (SIRS) was under development within the 
Meteorological Satellite Laboratory under the direction of 
David Wark and Don Hillary. The first sounder was on the NIMBUS 
Satellite launched in 1969. NASA was also developing another 
sounder at the same time to launch on a NIMBUS satellite; it was 
called the Vertical Temperature Profiling Radiometer (VTPR) . 
Observations from the SIRS instrument were used to derive the 
soundings (vertical distribution of temperature and to a limited 
extent the moisture) over the oceanic regions. The satellite 
derived soundings were compared to the nearby radiosonde 
observations; the differences were about 2'K in the lower 
atmosphere and about 3'K in the upper atmosphere. However, these 
observations were found to be useful for numerical weather 
forecast models, particularly over the oceanic regions, where the 
radiosonde data are not available. The SIRS instrument worked 
for a short period and so the VTPR data from the NIMBUS Satellite 
were obtained by NOAA (from NASA) to utilize in.the NWP models. 
Because of the high spectral resolution of the VTPR data, 

In the early days of the 

The 

it was 
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found to be superior to the SIRS data. Immediate plans were made 
to improve the VTRP instrument to an operational status and move 
it to the N O M  polar satellites. The first operational sounder 
was launched on NOAA-2 in 1972. The sounders continued on all 
Polar Orbiting satellites from that period. 

Another interesting episode that took place in the early 1960's 
when the TIROS satellites were being considered for operations 
should be mentioned. Some senior people in NASA were not in 
favor of labeling the TIROS program as an operational program; 
they wanted to consider it as a research program and opposed 
immediate operational use of TIROS data. NASA refused the USWB 
use of the TIROS data for operational weather analysis for 
several weeks after the launch of TIROS. NASA also felt NIMBUS 
should also be fully tested before declaring any instruments to 
be ready for operations. The two main groups that wanted the 
satellite data to be operational were the USWB and DOD Weather 
Services. 

To settle some of the differences (research vs. operations) with 
regard to the TIROS satellite operations, in October 1960, an 
interagency group consisting of NASA, USWB, DOD, and FAA 
established a panel called the Panel on Operational 
Meteorological Satellites (POMS) under the auspices of the 
National Coordinating Committee for Aviation Meteorology 
(NACCAM). NACCAM was chaired by the chief of the USWB. The 
first chairman of POMS was Mr. E.M. Cartwright of NASA; and 
Dr. Tepper of NASA served as the secretary. This group developed 
the report "Plan for a National Meteorological Satellite System 
(5). This report was completed in April 1961, and submitted to 
the Congress. 

Some of the highlights of the report are interesting. It said 
that the operational meteorological satellite system should: 

e Satisfy the meteorological requirements of all the 

0 Capitalize on the continuing research and development 

e Serve first the United States, but where possible also 

users 
e Phase into operation at the earliest date 

program 

serve international needs. 

The report was also favorably reviewed by several government 
committees, and on May 25, 1961, President Kennedy's address to 
the Congress on "Urgent National Needs" ( 3 )  requested funding for 
these activities (approximately $53 million dollars) to be given 
to the USWB. 
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All these details are also mentioned in the memo from 
S.F. Singer mentioned earlier (Annex 5). These were the 
turbulent times; the NIMBUS program was facing technical 
problems and the launch dates were slipping. The TIROS 
satellites were to become operational and the data to be 
made available to the users on a routine basis. 

Because of the delay in NIMBUS, new instruments could not be 
tested in time on NIMBUS to incorporate them on operational 
weather satellites. At that time S. F .  Singer, the Director of 
the NWSC, made the decision to provide funds to build a couple 
more TIROS satellites to maintain continuity of operations, 
rather than continue to fund NASA to develop NIMBUS. This 
decision created some friction between NASA and USWB with regard 
to the satellite activities. Within a few months after this 
episode, S . F .  Singer left USWB and Dave Johnson became the 
Director. He worked through POMS to reestablish the connection 
between the research and operational satellites. 

Some of the important transitions that took place from research 
satellites to operational satellites are: 

The POLAR satellites were changed from cartwheel to 
three-axis stabilized mode 

NIMBUS was modified and improved and became the Very 
High Resolution Radiometer (VHRR) 

was modified and became the Vertical Temperature 
Profile Radiometer (VTPR) 

The High Resolution Infrared Radiometer (HRIR) on 

The High Resolution Infrared Sounder (HIRS) on NIMBUS 

These three instruments were first flown on the NOM-2 Satellite 
that was launched on October 15, 1972. It is important to note 
that the satellite configuration and the instruments were first 
tested in space as research experiments and then moved to 
operational satellites. With the discontinuation of the NIMBUS 
program by NASA, the concept of testing new instruments on 
research platforms also disappeared! 
instruments occurred in 1972, the VCS (Vidicon Cameras) were 
eliminated because it was possible to produce images of clouds 
etc. from the scanning radiometers (VHRR). 

Another major change to the 

The three-axis stabilized box shape improved TIROS Operational 
Satellites (ITOS) started in 1970 and continued till 1978 with a 
change in the name to NOAA satellites to identify with the 
organization (ITOS-1 through NOAA-5) Thus, the third generation 
of POLAR operational weather satellites ended. . 
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Fourth Generation of Polar Orbitina Satellites 

The fourth generation of polar orbiting weather satellites 
started with TIROS-N in 1978. Major changes in the satellite bus 
were implemented. The satellites resembled those in the Defense 
Meteorological Satellite Program (DMSP). These satellites were 
also three-axis stabilized and carried the following instruments: 
AVHRR (4 channels), HIRS/2 (20 channel sounder), MSU (4 channels) 
SSU ( 3  channels), Data Collection System, and Electron and Proton 
Detector. The first satellite in this series, called the TIROS- 
N, was launched in October 1978 and was deactived in February, 
1981. Two more satellites in this series, NOM-6 and NOAA-7; 
continued to provide global coverage until July 1986. 

An advanced version of TIROS-N series, known as ATN-series 
commenced with the NOM-8 satellite in 1983. The first one in 
this series NOM-8 carried an improved AVHRR, HIRS/2 sounder, 
MSU, SSU sounders, Data Collection Systems (DCS), Solar 
Environmental Mission (SEM) and the Search and Rescue Mission 
transponder. By this time in history several articles had been 
published about these satellites and various applications of 
data; and no attempt will be made to discuss either the systems 
applications, or impact of these data in operations. The major 
change was the introduction of the 5-channel AVHRR instrument to 
derive more accurate sea-surface temperatures. The TIROS-N 
series consisted of NOAA-8 through NOAA-14 satellites. The next 
generation of polar satellites known as NOAA-K series were 
launched in 1998. Some major improvements were made to the HIRS- 
2 sounder on NOM-11. The improved version of the Solar 
Backscatter Ultra Violet (SBW) instruments to measure Ozone 
distribution in the atmosphere which was originally flown on 
NASA’s NIMBUS Satellites was included on NOAA-11 (SBW/2) and 
continued on all the following NOAA satellites that were launched 
in the afternoon orbit. Again, no descriptions of the 
instruments, or the applications are provided here, since many 
articles are available in the open literature. 

The fifth generation starting from NOAA-14 carry a new generation 
of sensors and are used for multiple applications. Since the 
purpose of this write-up is to document early stages of the polar 
satellite program in NOAA, the current and future satellite 
programs are not covered here. 
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Conclusions 

A brief description about the beginnings of the weather satellite 
program that started in the USWB and continued in the successor 
agencies (ESSA, NOAA) has been provided. This effort is to 
document the development of the program and the early 
contributions of the pioneers who had the vision. 
fortune of working with those visionaries from the beginning of 
the program. 
selection of sensors, satellite orbits, and interpretation of 
data was thrilling and thought-provoking. 
is priceless. 
the best of my knowledge, and I take full responsibility for any 
serious omissions. 

I had the good 

Participation in discussions and debates about the 

That experience for me 
I tried to capture the evolution of the program to 
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Fig. i Dr. Wexler’s 1954 estimate of how a typical weather situa- 
tion would appear from a satellite 4000 miles above Texas. (USWB) 
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!.Fig. 2 Mosaic showing a family of storm systems exten 
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Annex - 1 

UNITED STATES DEPA.R"P OF COMMEXCE 
WEATHJB BUFEAU 

Washington 25, D. C .  

March 21, 1958 
R - 3  

MEMORANDUM 

To: Heads of Offices and ProJect Leaders 

FROM: Chief of Bureau 

SUBJECT: Meteorological Satellite Research 

On t he  reverse si& of t h i s  memorandum we have sketthed the 
organization for  the Meteorological Satel l i te  Section of. the 
Of'fice of Meteorological Research. D r .  S I  Fr i t z  has .already 
begun work a6 one of the meteorologists of the Meteorological 
Satell i te Reeearch Unit t o  prepare for  the dsta t o  be received 
from t he  meteorological experiment6 i n  connection.with the 
U. 8 .  International Geophysical Year Program. Additional 
personnel placement actions for t h i s  work are under considerationt 

If questions are received from outside the Weather Bureau regarfling 
the organization and work of the Meteorological Sa te l l i t e  Section, 

2 

thty should be referred t o  the  Director of Meteo thty should be referred t o  the  Director of MeteorologmResearch. . -  

A& 
u F. W. Reichebrf'er 
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m1CE OF ME. 3IxxzICAL RESEARCH 

2 Meteorologists 
2 Physicists 
1 Electronic Engineer 
3 Electronic Technicians 
1 Laboratory Mechanic 
1 Secretary 

NXEO~OLOGICAL SATEUITX 
RESEARCH UNIT 

3 Meteorologists 
2 Mathematicians 
8 Meteorological 

Te chnici a m  
1 Secretary 

2 Field Meteorological 
Satellite Telemeterins 
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-. 
2.  

3. 

4 .  

5. 

6. 

7, 

8. 

9. 

io. 

11 . 
12. 

13. 

14. 

15 . 

HISTOR1C.Z bffLSSTONES IN E A T E R  SATELLITZS 

Ear l i e s t  PJB en thus ias t s :  Harry !-ksler, Sigmund F r i t z .  

1957 - I G Y  

Surmer, 1958 

September , 1958 

A p r i l ,  1959 

A p r i l  1, 1960 

Yovember 23, 1960 

A p r i l ,  1961 

Yay, 1961 - 

Summer, 1963 

December 21, 1963 

January 30, 1964 

Spring, 1964 

August 28, 1964 

Jmuary 22, 1965 

Two meteorological expcriments on Vanguard (Suozi,  Stroud)  . 
tTB s t a r t ed  working with PAPA (DOD), which then was 
developing TLROS. 

- lk teoro logica l  S a t e l l i t e  Sec t ion  formed wi th in  O?S t o  
serve as XASA's v i teoro logica l  arm, under IASA r e i m -  
bursement. XSS grew i n t o  Nat ional  gea the r  sa te l l i t e  
- Center. 

TIROS program t ransfer red  from DOi) t o  NASA. 

TIROS I launched. TV cameras only. 

TIROS I1 lzunched. F i r s t  II1 radiometer. 

NACCAM panel (RIMS) recornends Eat5onal Opera t iona l  
- Meteorological Sa te l l i t e  S y s t e m  (NONSS) based on Nimbus, 
with WB assuning r e s p o n s i b i l i t y .  t o  e s t a b l i s h  and 
operate sys tern. 

Pres. Kennedy's space message t o  Congress, r e s u l t i n g  i n  
f i r s t  B O  appropr ia t ion  t o  rJB for FY 1962, 

NB abandons plans t o  use Nimbus for opera t iona l  system; 
develops TOS concept based on proven technology. 

F i r s t  A€T camera launched on TIROS V I I I .  

Current NASA-DOC management agreement signed. 

TOS system design approved as first opera t iona l  component 
of NONSS. 

Nimbus I launched. Earth-or iented;  improved TV and 
APT c a r a s ;  first High Resolu t ion  IR. 

TIROS IX launched. F i r s t  wheel spacec ra f t .  First 
TIROS i n  near-polar  o r b i t .  
p i c tu re  coverage da i ly .  

F i r s t  coap le t e  g l o b a l  
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UNiTED STATES DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

WASHINGTON 

September 10, 1958 

R - 3  
MEMORANDUM 

To :' Those Listed Below 

From : Director of Meteorological Research 

Subject: S a t e l l i t e  Meteorology 

The Weather Bureau is about t o  enter  the Space Age. We have been in-  
formed verbal ly  by the  new National Aeronautics and Space Agency, which NACA 
w i l l  become on 1 October, t ha t  t he  Weather Bureau w i l l  be designated a8 t h e i r  
meteorological agent i n  providing the  meteorological isletrumentation, data  
reduction and analysis  of obaervatione taken by sateIlites after the  IGY 
Series i s  finished,. 

This decieion implies t h a t  t he  NASA has f u l l  confidence i n  the  Weather 
Bureau's a b i l i t y  t o  car ry  on t h i s  task. 
personnel v i s i t e d  Suitland, they appeared t o  be impressed by our capab i l i t y  
i n  data  processing and analysis .  

car ry  on t h i s  task  i n  a l l  areas it may be necessary t o  draw on the  a s s i s t ance  
of present Weather Bureau pereonnel. As a f i r s t  s t e p  i n  seeing how t h i s  
might be done I am c a l l i n g  a conference a t  the  Weather Bureau Conference Room 
a t  1O:OO am, Tuesday, September 16, t o  which you are invi ted ,  As a case 
h i s to ry  i n  what is required technologically w e  w i l l  'examine i n  d e t a i l  one 
of the  pa r t i cu la r  experiments proposed, namely, the  satel l i te  TV cloud study 

A few days ago when key NASA 

In order  t o  e s t ab l i sh  innnediately a nucleus of competent personnel t o  

experiment . 

Chief of Bureau 

L. E. Brotemen 
T, P. Gleiter 
N. A. Lieurance 
P. White 
R. C. Schmidt 

.Re C. G d b  
W. R e  TMckstun 
G. P. Cressman 
J. Namias 
6. F r i t s  
D. S. Johnson 

N. B. 'Foster 
V. D e  Rochey 
W. F a  S t a a t s  
C. A. Ketter ing . G. Shuman 

J. K. Angell' 
L. F. Hubert 
I. Enger 

\p J. S. Winston 

cc: R. H. SimpSon 

Attachment 
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s a t e l l i t e  technology is advnncinlJ very rapidly. 
data from Sate l l i t es  are expected within the year. 
act ively enter t h i s  f ie ld  t o  discharge its responsibilities. 
program t o  t h i s  end i s  now being prepared. 

Types of data which are expected i n  the near future are: 

1. Cloud cover data (photocell and T.V.) 
2. Heat budget of the earth 
3. Nocturnal cloud cover using infrared atmospheric water vapor 

"window " 
4. "Temperatures" as infqrred from water vapor and C02 emission i n  

t h e  infrared. 
5 .  Ozone distribution 
6. Spectrum of solar radiation 

Extensive meteorological 
The Weather Bureau must 

A detailed 

%low we have outlined in some de ta i l  the steps required i n  u t i l i z ing  data 
t o  be obtained from one of these experiments - the T.V. cloud cover exper- 
b e n t .  
i n  the fields of instrument interpretation, data processing, handling and 
storage as well as meteorological analysis. Considering all other exper- 
iments a l s o  planned fo r  the immediate future, it is even more obviws t ha t  
work m ~ 6 t  begin now i n  order t o  handle the vast amount of data Boon t o  be 

It W i l l  be evident that  a great deal of work is re.qu1red immediately 

f Or thCdW 

T. V. CLOUD-COVER EXPERDJIENP 
(outline of R&D work required) 

R.C.A. now has a contract from Dept. of Defense t o  construct the satellite 
instrumentation and ground equipnerrt for  T.V. observations of the B r t h .  
hlly problem are  fnvolved i n  ut i l iz ing the data thus obtained. The follow- * cd&&ae presents br ie f ly  the various steps leading t o  the  final. u t i l l z a -  
t ion  of these data in meteorology. 

I. Sate l l i t e  measurement and i n i t i a l  ground recording. - In order t o  
interpret the data, it is  necessary t o  f'ully understand and express 
quantitatively a l l  the l inks i n  the measurement process from viewing 
lens t o  the recording of the satellite signals a t  the ground statlone. 
The following are the major. l inks,  

A. Characteristics of the s a t e l l i t e  system. 

1. Spectral response - For example, the haze i n  the atmolsphere 
will r e f l ec t  more mBr energy at  some wavelengths than at 
others. 
will be discernible against t h e i r  background. 
response may also be important in determlnlng albedo. 

The spectral  response will determine whether clouds 
The spectral 
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2. Transfer characteristic, i. e. relation between received light 
intensity and recorded signal on the satellite-borne tape 
recorder. This I s  necessaly in identifyiw cloud type. 

3. System recolution - detennines the amount of cloud detail 
which can be seen. 

4. System stability, e.g.,  stability of timing in recordins and 
playback process. 
pictures in space. 
electronic signals to usable form. 

This is important in positioning T.V. 
Response stability is important in reducing 

E. Communications link between the satellite and ground stations. 

1. Band width - effects resolution. 
2. Transfer characteristic - Bee A2 above. 
3. Effect of external interference - Any unwant'ed signals will 

interfere with the usef'ul data. 
mize interference and to account for that which is recorded. 

Steps must be taken to m l n i -  

c. Data readout (on film and magnetic tape) - 
3. Transfer characteristic - see A2 above. 
2. Distortion of signal, e.g., the effect of recording system on 

resolution and picture "shape". 

11. Data Reduction. - The data recorded at the ground statione must be 
changed into a form suitable for use by the meteorologists. 
process involves many steps, such as corrections for instrument charac- 
teristics, distortion, interference, etc., correlating with orbital 
data, conversion to usable form, and data storage. 

A. Orbital information - Necessary to position the pictures on the 
Earth's surface and correct for geometrical distortions, 

Data requirements of analysis group - Work with meteorologists to 
determine their requirements. The data reduction program is then 
planned to present the information in the forms they requlre. 

This 

B. 

C. Combine recorded satellite data and orbital information. 

1. 

2. Position T.V. cloud pictures in time and space. 

Remove geometric distortions frwn T.V.,claud pictures. 
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D. Data Interprctatim. 

1. Interpret l i g h t  intensity information, e.g., take account of 
angular relations between solar be&, optic axis of camera, 
and reflecting surfaces t o  determine cloud amount and tjpe. 

E. Forms of Ibta Presentation - Example6 - 
1. Maps of cloud amount and type 

2. lbta handling and storage 

a. Electronics, film, cards, etc. 

111. Meteorological Analysis - I n  the previous steps, the satellite data 
have been placed i n  a form suitable f o r  research and application by 
the  meteorologist. 
are  outlined below. 

Some of the research projects an@ applications 

A. Application t o  Analysis and Forecasting. 

1. Plot amount and type of clouds on weather maps t o  help map 
analysis, storm detection and tracking. 

2. Design new methods f o r  using s a t e l l i t e  cloud data t o  improve 
mp analysis. 

E. Basic Research 

1. Synoptic MeteoroloSy 

a. Study of genesis and motion and dissipation of hurricanes 
and other storms. 

b. Study of clouds to determine wind velocity and shear. 

c .  Detemination of atmospheric stabil i ty from cloud forms. 

d. Developnent of synoptic techniques f o r  varioue types of 
o i l e n t  areas, e.g., tropics,  polar regions. 

2. Physical meteorology, e.g., albedo.studie8 of clouds. This i s  
also important i n  re la t ion t o  the heat budget studies.  

mch work needs t o  be done before the actual Tv satell i te data are available. 
The nature of the signals t o  be obtained fram t he  ground s ta t ions can be 
detennined by engineering studies with RCA. This requires close contact 
with RCA and the i r  subcontractors. 
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4. 

The complete data acquisition reduction handling and storage system must be 
designed and equipment obtained before s a t e l l i t e  launching. 
c ipa ted  t h a t  about 100,000 T.V. pictures w i l l  be obtained during t h e  first 
five months of s a t e l l i t e  flight. 
t o  process t h i s  vast  amount of information i n  time t o  aid weather analysis 
and forecasting. 

It i s  a n t i -  

It is  essent ia l  that 8 system be ready 

To prepare for the in te rpre ta t ion  of data, analysts must develop preliminary 
methods of utilizing satell i te cloud infofiation. This would include 
synthesizing cloud information of the  type likely t o  be obtained f r o m  t h e  
satel l i te  and using this i n  preliminary analysis and famil iar izat ion 
programs 

UBCOXM-WB-DC 
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INEW ERA IN METEOROLOGY SEEN 

U. S. OR BITS WEA THER SATELLITE; 
IT TELEVISES EARTH AND CLOUDS; 

tlon. The apaca agency has 
Puaneling Marks Debate over-all pmMt.  responsibility lor lhe 

rn plctiirer showed the 
Cloud cover that lay over the 
Northeast United Stiles and 
the adJacenr area of Canada 
lhis mornlnr. T h e  also showed 

as Kefauver 'Ian 
murts to Set Hearings 
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U.S. DEI’AKT?lilENT OX: COMMERCE 
WEATHER BUREAU 

Memo ran dum 
s-1 

TO : Staff of Meteorological Satellite DATE: June 1, 1962 
Activities (LiSA) 

FROM : S .  Fred Singer, Director 
Meteorological Satellite Activities 

SUBJECT: PULICIES AND ORGANIZATION 

Today I am CommencinR my appointment as Director of MSA. 
honored by the confidence which the Chief of the U. S. Weather Bureau and 
the Scnior Staff have cxpressed in me. 
of the newest organization in the Bureau which although very young has 
already established an envinble record. 
I hope to meet all of you individually in the next few days. 

It is only right that you should have an idea of how I visualize my job. 
According to the organization chart, the Director develops objectives, 
formulates policies and proRrams to meet these objectives, anti sees to it 
that they tire executed. Clearly therefore, we must first of all define 
our objectives. 

I am pleased and 

I am also pleased to be a member 

I have already met some of you; 

The 11. S. Weather Bureau has il major statutory responsibility: 
woather services to the nation. 
this mission by using satellites and rockets as an aid to weather predic- 
tion. * 

to provide 
MSA has the responsibility to assist in 

This brings US to our central problem. 
other Ikather Bureau units must ultimately decide what needs to be observed 
from satellites and rockets; how to make these observations, how to use them, 
both now and in the future. This is a job in scientific management for which 
we have the necessary capabilities. 
inputs, which come from universities and private research laboratories, as 
well as from other government laboratories, with our skill and knowledge in 
using date in meteorological research and forecasting. It is in recognition 
of this capability that the Defense Department, NASA, and the FAA have recom- 
mended that the Weather Bureau be assigned the responsibility to operate the 
National Operational Meteorological Satellite System. Congress has affirmed 

Wn September 30, 1961 the Congress of the United States in Public Law 
87-332 appropriated funds.to the Weather Bureau “for expenses necessary 
to establish and operate a system for the continuous observation of world- 
wide meteorological conditions from space satellites and for the reporting 
and processing of the data obtained for use in weather forecasting”. To 
handle the new responsibilities of this program as well as the expanding 
research in meteorological satellites, the Department of Commerce approved 
the establishment of MSA in January, 1962. 

We in MSA in collaboration with 

It means combining the basic scientific 
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tI1j.s recommendation Iiy granting funds t o  the  Neather Bureau t o  s e t  up an 
or.panizcition f o r  t h i s  wr-osc,  namely M A .  
siI?]e for t h e  funds, ant1 a rc  held accountahle f o r  t h e i r  ?rover usc.  

IJc must recognize a t  tlie outsct  t h a t  s c i e n t i f i c  competence i n  meteorology 
and s a t c I I i t e  technology i s  snread a11 over the  United S ta t e s ,  and indeed 
i n t e r n n t i o n n l l v ;  therefore ,  our main j o b  will be t o  workwell w i t h  these 
sc jcn t i f ic  9rouns. In recognition o f  this we i n t e n d  t o  e s t a b l i s h  an even 
c l o s e r  l i a i s o n  in  the hasic research f i e l d  with u n i v e r s i t i e s  and s i m i l a r  
non-nrofi t  i n s t i t u t i o n s ,  w i t h  a c t i v i t i e s  i n  t h e  Dcwrtment of Commerce, 
w i t h  NASA, as  we11 as with other  government l abora to r i e s  which are car ry ing  
on m e t c o r o l o ~ i c n l  o r  re ln tcd  research.  
a s s i s t  them when necessary, and in  a l l  cases t r y  t o  induce comnetent sc ien-  
t i s t s  (of whom there 3re too few) t o  devote t h e i r  a t t e n t i o n  t o  meteorological 
mohlerns so t h a t  we may ult.imntely have t h e  bene f i t  of t h e i r  rcsearch r e s u l t s  
a n d  of the i r  advice.  

T h j s  means t h a t  we a r e  respon- 

Our job w i l l  be t o  encourage them, 

In o thcr  words, we w i l l  function as 8 c a t a l y s t  and a s  orRanizers.  We cannot 
and will not  attcmnt t o  do a l l  of  t h e  i m w r t a n t  work within MSA, but  what 
is done within NSA will he r t h e  very highest  rlualitv. 
thc exce l l en t  staff s c i e n t i s t s  we olreadv have; they w i l l  be augmented where 
nccessnry j n  o rde r  t o  round out our  c a n a h i l i t i e s .  I am n a r t i c u l a r l y  hopeful 
t h a t  we can cont inue t o  ex?and t h e  numher of v i s i t i n g  apnointments f o r  meteor- 
o l o g i s t s  and atmosnheric s c i e n t i s t s  who wish  t o  use s a t e l l i t e  da t a  and would 
l ike  t o  a t t a c h  thomselvcs f o r  a neriod of time t o  MSA. 

This  i s  assured by 

IVe w i l l  also a s s i s t  as milch as we can i n  t h e  gcneral  Weather Bureau e f f o r t  
t o  induce u n i v c r s i t i e s  t o  exnand teachinfi f a c i l i t i e s  i n  atmosnheric physics  
and meteorology so' a s  t o  cnsure a sunnly of wel l - t ra ined  s c i e n t i s t s  f o r  t h e  
future .  

I t  i s  t o  n r i v a t c  indus t rv  we look for a s s i s t a n c e  on a wide range of  problems, 
from management consultinp: t o  human engineer ing,  from d a t a  handling and d isp lay ,  
t o  the cons t ruc t ion  of spec ia l  s c i e n t i f i c  instruments  and t h e  a n a l y s i s  of  d a t a ,  
There a r e  g r e a t  ovnor tuni t ies  f o r  indus t ry  i n  our  area.  Our i n d u s t r i a l  pa r tne r s  
who come i n  with us "on the  ground floor" w i l l  b e n e f i t  by educating t h e i r  own 
nersonnel i n  weather prohlcms and will be i n  a supe r io r  competing p o s i t i o n  i n  
the  futurc .  Evcn though t h e  i n i t i a l  c o n t r a c t s  mav h e  small, we look t o  indus t ry  
management t o  show v i s ion  and imagination i n  working w i t h  us and g iv ing  US t h e i r  
hcst  e f f o r t s .  

A t  t h i s  voint  I would l i k e  t o  dc f ine  t h e  f u n c t i o n s  of t h e  Deputy Di rec to r  and 
the  Assis tant  Di rec tors  of USA. The Deputy Director, Flr. David S. .Johnson, 
i s  of course wcll known t o  vou since he has been Actin2 Direc tor  of MSA since 
i t s  Incention. Ile and 1 wil l  share  d i r e c t i o n  i n  a manner bes t  s u i t e d  t o  our 
i n t e r e s t s  and t a l e n t s .  In  my absence he w i l l  assume t h e  d u t i e s  and responsi-  
b i l i t i e s  of t h e  Director .  
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~ r .  5. F r i t z ,  who i s  Chief of t h c  %teorologicnl S n t e l l i t e  i,ahoratory, w i l l  
also serve as  A c t i n ?  Assistant Director  f o r  !ksearch and Systems Planning. 
Ilc l lns ncffujrctl an in te rna t iona l  renutat ion for  his s c i e n t i f i c  work, and 
i n  n n r t i c u l a r  i n  h i s  nioneer work i n  rad ia t ion  and in  s a t e l l i t e  meteorology. 
I w j l l  look n r inc ina l lv  t o  h i m  f o r  quidnnce on how t o  car ry  out t h e  major 
ob jec t ives  o f  MSA, namcly, of  rlecidinp, on what t o  observe, how t o  do i t ,  
and how t o  use the  r e s u l t s ,  

Flr. A r t h u r  V. Johnson is Assis tan t  Director o f  Onerations and heads t h e  
onera t ing  arm of .!.EX. 
their d i s n l a y  and storaqc, and t h e i r  d i s t r ibu t ion  - a l l  of t hese  f a l l  
w j t h i n  h i s  domain. These a re  among the  most d i f f i c u l t  and chnllenging 
nrohlems t h a t  face  us, but I am sure  t h a t  we will do them well .  I t  i s  
t h e  feedback t h a t  comes from the onorational uses of s a t e l l i t e  da t a  which 
w i l l  t e l l  us whether we are making the r i p h t  kjnds of observations.  
must. f ind  these  answers a s  quicklv end e f f i c i e n t l y  as nossible. 

The s a t e l l i t e  data ,  t h e i r  handling and nrocessing,  

We 

A new an?oi.ntment i s  t h a t  of Mr. .I, Cordon Vacth who i s  jo in ing  ?IS4 t o  
become Ass is tan t  t o  thc  Director  f o r  Snecial  Programs and R.csources Yanage- 
ment. 
t h e  requirements of our customers. 
t he  American nub1.i.c and the  m i l i t a r y  weather se rv ices ,  h u t  we have many 
o thc r  customers - the Defense Demirtment, t h e  FAA, NASA, a l l  OS whom may 
r equ i r e  snec ia l  se rv ices  which r e l a t e  t o  t h e  atmosnhere. 
proaram, Dar t i cu la r lv  f o r  the  fu tu re ,  ye must a n t i c i ? a t e  what t hese  re- 
quircments will be. 
ac t ive  s e l l i n g  job  t o  t e l l  our "customers".what we a r e  ab le  and w i l l i n g  
t o  do f o r  them. 
c a n a b i l i t i e s  of industry as thev  r e l a t e  t o  ou r  mission. 
requi res  a focal  po in t  1qj th j .n  our organizat inn where indus t ry  can make 
their  resources known t o  us and where we can descr ibe our reauirements 
t o  them. 

In order t o  do our  job ?ronerly wc need t o  be cons t an t lv  aware o f  
9ur main customers arc, of course,  

In nlanning our  

I t  requi rcs  constant  l i a i s o n ,  and it requ i r e s  an 

On the o the r  hand, we need t o  he aware a l s o  of t h e  
T h i s  aga in  

I n  conclusion I would like t o  remind vou t h a t  we 8ro  nriv i lcged t o  work 
on a program w h i c h  is nerhans t h e  most exc i t i ng  and worthwhile one of t h e  
many space progrnms. I f i rmly  be l i eve  t h a t  t h e  Votent ia l  imnrovment i n  
the .na t iona l  economy i n h e r e n t  i n  improved'weather p red ic t ion  has not 
near ly  becn realized and cannot even be imagined a t  t h i s  s t age .  
addi t ion,  weather nred ic t ion  has a dcmonstratecl s ign i f i cance  for our  
na t iona l  s ecu r i ty .  

I n  

President Kennedy has j u s t  r e c e n t l v  nointed t o  t h e  g r e a t  i n t c r n a t i o n s l  
s ign i f icance  of  wcnthcr sa tc l l i tes ,  
ac t ions  i n  t h e  IJnitcd Nations and tho  World Veteorological  Organizat ion,  
I f  we do our  joh well, we w i l l  f u r t h e r  enhance t h e  s t a t u r e  o f  t h e  United 
S t a t e s  i n  t h e  snacc Field.  
l i t e s  f o r  meteorology; our determined e f f o r t s  and hard work w i l l  keep 
us moving in f r o n t ,  I know t h a t  not  only t h e  people a t  home but  t h e  
whole world i s  watching u s  t o  see how well we do. I am sure t h a t  we 

T h i s  has been cmnhasized by recent 

We are a l r eady  lcading i n  t h e  use  of satcl- 

wi l l  not l e t  them down. 

cc: Distr ibut ion List A 
S. Fred S i n p r  
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N O M  SCIENTIFIC AND TECHNICAL PUBLICATIONS 

The National Oceanic and Atmospheric Administration was established as part of the Department of 
Commerce on October 3,1970. The mission responsibilities of NOAA are to assess the socioeconomic impact 
of natural and technological changes in the environment and to monitor and predict the state of the solid 
Earth, the oceans and their living resources, the atmosphere, and the space environment of the Earth. 

The major components of NOAA regularly produce various types of scientific and technical information 
in the following types of publications: 

PROFESSIONAL PAPERS - Important TECHNICAL SERVICE PUBLICATIONS - 
definitive research results, major techniques, 
and special investigations. 

CONTRACT AND GRANT REPORTS - 
Reports prepared by contractors or grantees 
under NOAA sponsorship. 

Reports containing data, observations, 
instructions, etc. A partial listing includes data 
serials; prediction and outlook periodicals; 
technical manuals, training papers, planning 
reports, and information serials; and 
miscellaneous technical publications. 

ATLAS - Presentation of analyzed data 
generally in the form of maps showing 
distribution of rainfall, chemical and physical 
conditions of oceans and atmosphere, 
distribution of fBhes and marine mammals, 
ionospheric conditions, etc. 

TECHNICAL REPORTS - Journal quality 
with extensive details, mathematical 
developments, o r  data listings. 

TECHNICAL MEMORANDUMS - Reports of 
preliminary, partial, or negative research o r  
technology results, interim instructions, and 
the like. 
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